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486a Tuesday, February 5, 2013can have a profound effect on the attachment rate of crossbridges (Williams et
al. (2010) PLoS Comput Biol 6:e1001018.). At the same time, cross-bridges
attaching to thin filaments and generating axial (longitudinal) forces and may
simultaneously restrict the extent to which the filament lattice can expand or
contract in the radial direction as muscle shortens. Here we examined radial
changes in the lattice of the flight muscle of the hawk-moth Manduca sexta us-
ing high speed time resolved X-ray diffraction to directly measure the time
course of changes in filament spacing as a function both the length of muscle
and the timing of activation. Interestingly, the measured lattice spacing (1)
strongly reflected activation timing and (2) varied considerably during the cycle
of shortening and lengthening and (3) did not follow the pattern predicted by
a constant lattice volume. Three key issues arise from these data. (1) Large
changes in lattice spacing suggest that models of cross-bridge force generation
should consider radial separation of thick and thin filaments; (2) cross-bridges
may restrict the expansion of the filament lattice and may experience consider-
able radial force; and (3) the mismatch between measured and predicted radial
motions of myofilaments indicates that there is fluid movement between sub-
cellular compartments that has not been considered in the mechanics and ener-
getics of force generation by muscle. Finally, radial tensions may play a key
role in elastic energy storage for insect flight. Supported by NSF IOS-
1022058 and NIH P41 GM103622-17.
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In bees and other insects, their wings are driven by the alternating actions of
two antagonistic flight muscles, dorsal longitudinal muscle (DLM) and dorso-
ventral muscle (DVM). Here we recorded X-ray diffraction patterns simulta-
neously from these two muscles during tethered flight, as well as live images
of the bees, by using two fast CMOS video cameras at a 5,000/s frame rate.
The length changes of the two muscles, as probed by equatorial reflections,
are almost perfectly anti-phase, and the DVM is shortest when the wings are
upright. In both muscles, force-generating myosin heads, as probed by the
102, 211 and 311 reflection spots, build up slowly during the entire lengthening
phase, and their peaks are substantially delayed behind the length. The 111 re-
flection spot (the first reflection to respond to stretch in skinned flight muscle
fiber preparations: 2011 Annual meeting), is conspicuously enhanced in both
muscles, well ahead (~20) of the aforementioned reflection spots. Previously
we interpreted this intensity change to reflect troponin structural changes, but
its magnitude and the clear concomitant diminution of the 201 reflection spot
are better explained by an azimuthal twist of attached myosin heads. Locating
the stretch-sensing mechanism is crucial for understanding the mechanism for
stretch activation, and the present results provide evidence that a population
of myosin heads respond to stretch in a specific manner. This population is
present in the lengthening phase in which fewer heads generate force. There-
fore this population is likely to represent low-force myosin heads non-
stereospecifically bound to actin. Stretch-induced conversion from low-force
to high-force states has been proposed for vertebrate skeletal muscle (Iwamoto,
1995, Biophys. J.), and insects might have evolved to maximally utilize the
preexisting function of myosin.
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Hyperphosphorylation and aggregation of the microtubule-associated protein
tau into tangles occurs in several neurodegenerative diseases referred to as
tauopathies. Several tau mutations, including tauR406W and tauV337M,
have been associated with tau hyperphosphorylation and neurodegeneration.
Accumulation of phosphorylated tau in cardiac and skeletal muscle biopsy
samples suggests that striated muscle tissue generates tau-amyloid which
causes the destruction/malfunctioning of myocytes. However, it is unknown
how mutations in the tau gene lead to myopathies and moreover, there is no ex-
perimental model to understand tau-mediated striated muscle dysfunction. To
test the effects of tau mutations on cardiac structure and function, we developed
a novel Drosophila model that expresses pathological human tau in the heart
using the UAS-Gal4 expression system with a cardiac specific driver. Cardiac
physiology was assessed using high-speed video recording of heart tube con-tractile parameters from semi-intact heart preparations. Compared to control
human tau (h-tau), expression of mutant tau (h-tauR406W and h-tauV337M)
resulted in progressive cardiac dysfunction and ultrastructural abnormalities.
Expression of h-tauR406W in 4 week-old hearts resulted in severe cardiac
dilation, reduced contractility, increased arrythmia, and ultrastructural defects,
including myofibrillar degeneration and mitochondrial elongation. Expression
of h-tauV337M in 4 week-old hearts resulted in reduced contractility, increased
arrythmia, and fragmented mitochondria. Interestingly, cardiac dilation and
ultrastructural defects in 4 week-old h-tauR406W flies were suppressed by
cardiac overexpression of DRP-1 (a regulator of mitochondrial biogenesis),
or TRAP-1 (a mitochondrial chaperone). Additionally, expression of mutant
tau (h-tau R406W and h-tau V337M) in indirect flight muscles using Actin88F
driver resulted in reduced flight ability and ultrastructural defects, including
myofibrillar disorganization, bulk Z-disk accumulation, and mitochondrial
abnormalities. Our data demonstrate pathological consequences for tau
mutations in striated muscle and a link between tau-induced myopathies and
mitochondrial defects.
Electron and Proton Transfer
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ATPase during Mixed Carbon Fermentation by Escherichia Coli
Karen Trchounian, Armen Trchounian.
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Escherichia coli is able to produce molecular hydrogen (H2) via special en-
zymes - hydrogenases (Hyd) which catalyze simple redox reaction H2 to
2Hþ. H2 production during mixed carbon (glucose and glycerol) fermentation
at slightly acidic pH (pH 6.5) was investigated. During mixed carbon fermen-
tation in glucose assays, wild type cells produced ~2 fold less H2 than cells
grown on glucose only as a sole carbon source. In fhlA, hyfG and double
fhlA hyfG mutants H2 production decreased ~2 fold, compared to the wild
type, but in hyaB, hybC, and double hyaB hybC mutants H2 evolution was
lowered by ~1.5 fold.
In the assays supplemented with glycerol, no H2 production could be detected.
Taken together, these results suggest that Hyd-3 and Hyd-4 are the H2 produc-
ing Hyd enzymes during mixed carbon fermentation. This is absolutely novel
finding about Hyd-4 activity at pH 6.5. The decrease of H2 production in the
strains with defects in Hyd-1 and Hyd-2 was mostly due to an interaction
between the different Hyd enzymes and their organization in the membrane.
In the assays with adding glucose, in the wild type cells H2 production was in-
hibited ~2 fold by 0.3 mM N,N0-dicyclohexylcarbodiimide (DCCD), an inhib-
itor of F0F1-ATPase. This inhibition was approximately the same for fhlA and
hyfG fhlA mutants but not hyaB, hybC, hyfG or hyaB hybC mutants. These re-
sults indicate that the FhlA protein coded by the fhlA gene, which is transcrip-
tional activator for FHL complex, might interact with the F0F1-ATPase. We
suggest that this interaction is mediated due to mixed carbon fermentation.
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Proton (Oþ) circles through the bacterial membranes are represented, relation-
ship with ATP synthesis or hydrolysis is considered. The data on passive and
active Oþ fluxes through the membranes are analyzed and their relationship
with membrane Hþ conductance (GmHþ) and permeability for Hþ (PHþ) are
analyzed. Different ways and mechanisms of passive and active Oþ fluxes, in-
cluding a role of membrane lipids in Oþ transfer, importance of phase transi-
tions in lipid bilayers, operation of protonophores as well as Oþ translocation
via the F0F1-ATPase, are discussed.
Dependence of GmHþ for Escherichia coli, Enterococcus hirae, Streptococcus
lactis and the other bacteria under fermentation on some external physico-
chemical factors, particularly, on growth rO and oxidation-reduction potential
(ORP) as well as influence of oxygen and osmotic stress on GmHþ and Hþ ac-
tive fluxes have been shown [1–3]. Acid pulse method for determination of
GmHþ was used. The effects were different with E. coli atp mutant pointing
out the role of the F0F1-ATPase in GmHþ change. The relationship between
GmHþ, PHþ and active Oþ fluxes (GmHþ -> proton-motive force, pH ->
ORP) is proposed, mechanisms for these changes relationship are discussed.
Increase of GmHþ result in decrease of internal pH in E. coli without change
in ATPase activity [4].
The results are of significance for understanding of structure-function proper-
ties of bacterial membranes determining Hþ cycle operation and of Hþ fluxes
mechanisms important in adaptation of bacteria to environment conditions.
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Heme-copper oxidases (HCuOs) are integral membrane proteins that catalyze
the reduction of oxygen. They terminate the respiratory chain in mitochondria
and most bacteria. HCuOs convert the free energy of oxygen reduction into
a proton-motive force across the membrane, by pumping protons over the
membrane and by using protons from the negative side of the membrane while
electrons are donated from the positive side. The HCuO superfamily has been
divided into the oxygen-reducing A-, B- and C-type oxidases as well as the
bacterial NO reductases (NOR). Even though NORs are capable of reducing
oxygen to water, their physiological roles are as NO reducers. NO reduction
is performed by denitrifying bacteria, but also by pathogens that use it to break
down the toxic NO produced by the immune system of the host.
In the NORs, recent structural work has shown that there are possible
differences in the proton transfer (PT) pathways of the NOR that uses cyt.
c as electron donor (cNOR) and the NOR that uses quinol (qNOR). For
qNOR a putative PT pathway from the cytoplasm was suggested, while
cNOR is known to be non-electrogenic and to use periplasmic protons for
NO-reduction (2NO þ 2e þ 2Hþ / N2O þ H2O). We study the PT
pathways using site-directed mutagenesis in combination with time-resolved
spectroscopy during single turnovers. We show that PT in cNOR is mediated
by a specific pathway from the periplasmic site. At the same time we try to
engineer a proton transfer pathway from the cytoplasm in cNOR to see if
we can generate an electrogenic NOR and to get more insight into the require-
ments for a functional PT pathway.
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We had characterized the function of two distinct protein-associated ubisemi-
quinone molecules in the proton-pumping mechanism in complex I (NADH-
UQ oxidoreductase).
We constructed most of the frame work of our proton-pumping hypothesis,
utilizing EPR techniques before the X-ray structures of bacterial and mito-
chondrial complex I were reported by Sazanov’s group and Brandt and his
collaborators, respectively. The fast relaxing semiquinone (SQ-Nf) signal is
extremely sensitive to the proton motive force (DP) imposed to the energy
transducing membrane, strongly indicating its direct involvement in proton-
pumping mechanism. Slow relaxing semiquinone (SQ-Ns) is not sensitive to
DP. Although they show identical piericidin A sensitivity, they differ in
rotenone sensitivity considerably as well as their SQ binding subunits. These
differences were exploited using tightly coupled bovine heart submitochondrial
particles with a high respiratory control ratio (>8).
We determined the center-to-center distance of 12 A˚ between SQ-Nf and its
direct electron donor, iron-sulfur cluster N2 based on their spin-spin interaction
analysis. We have extended this work using reconstituted bovine heart complex
I proteoliposomes which shows a respiratory control ratio >5. Our recent
Q-band (33.9 GHz) EPR analysis of SQ-Nf and SQ-Ns spectra in the reconsti-
tuted proteoliposome system also supports our two-semiquinone model. We
will compare our EPR-based model with the X-ray structure based proton-
pumping models by Sazanov’s group and Brandt with his collaborators.
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Cytochrome c oxidase (CcO), a redox proton pump, terminates the aerobic
respiratory chain by catalyzing the reduction of O2 to water. Various isoformsof CcO enzymes with distinct biochemical properties and different organism
distributions have been identified. A-type CcOs are distributed in all three
kingdoms of life. B-type CcOs are found only in archaea and bacteria. CcOs
rely on efficient pathways for protons, electrons, and O2, connecting their bur-
ied heme-copper catalytic site to the surface of the protein. Here, we employed
molecular dynamics simulation to probe and characterize pathways for the O2
delivery to CcO’s catalytic site using both explicit and implicit ligand sampling
methods. A-type (CcO caa3) and B-type (CcO ba3) CcO enzymes from
Thermus thermophilus were investigated. While CcO caa3 is constitutively ex-
pressed, CcO ba3 is expressed under low oxygen condition, implying possible
differences between the two enzymes in their ability and efficiency to recruit
O2. Although the characterized O2 pathways exhibit a close similarity between
the two enzymes from a structural perspective, O2 dynamics through these
pathways is quite different. In CcO ba3, O2 reached the catalytic site rather
rapidly, i.e., within a few nanoseconds, while the process was much slower
and required several tens of nanoseconds in CcO caa3. In each enzyme, O2
entered the protein and reached the catalytic site via a membrane-accessible
hydrophobic channel observed in X-ray structures. While O2 was found to
diffuse freely into CcO ba3 through the hydrophobic channel, the O2 pathway
in CcO caa3 was constricted by the presence of large aliphatic and aromatic
residues. The findings relate the functional and structural adaption of CcO to
oxygen-stress conditions.
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Cytochrome c oxidase (COX) catalyzes the oxidation of ferrocytochrome c and
the reduction of oxygen to water while concomitantly translocating protons
across the inner mitochondrial membrane. The catalytic core of COX consists
of three subunits that are conserved from bacterial to the mitochondrial forms
of the enzyme. The N-terminus of subunit III (SUIII) contains three conserved
histidine residues (3, 7 and 10), which could act as an array to collect protons.
These residues are surface exposed and are in close proximity to the mouth of
the D-channel, which delivers protons to both the catalytic and pump loading
sites.
The triple histidine mutation (to ALA) in SUIII was created using Rhodo-
bacter sphaeroides, a bacterial model of the mitochondrion. The mutant
COX was purified by nickel affinity chromatography. SDS-PAGE shows
that 50% of SUIII content was lost. The mutant COX retained 50% of wild-
type electron transfer activity and exhibited suicide inactivation. The pH-
dependence of electron transfer activity of the mutant is similar to that of
wild-type, indicating no net changes in the slowest step in proton uptake. Vis-
ible absorbance spectroscopy during steady-state turnover indicates that 20%
more electrons accumulate at heme a in the mutant. In addition, when recon-
stituted into liposomes, the mutant enzyme pumps protons at half the effi-
ciency of wild-type. Finally, the mutant exhibits a 10-fold stimulation of
pseudo-catalase activity that is sensitive to azide. Our results indicate that al-
though the mutation does not perturb the catalytic site, it slows electron trans-
fer activity indirectly by slowing proton uptake through the D-channel. Taken
together, our results show that the three histidine residues in SUIII stabilize the
interactions between subunit I and SUIII and help recruit protons to the entry
point of the D-channel.
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Cytochrome c oxidase (COX) is the terminal enzyme in the mitochondrial re-
spiratory chain. Similar to the mammalian homolog, Rhodobacter sphaeroides
(RBS) COX utilizes the reduction of oxygen to water to drive an electrochem-
ical potential gradient across the membrane, which is ultimately used for the
generation of ATP. Expression of COX by RBS yields a protein that retains
the three catalytic core subunits of COX, which exhibit similar enzymatic ac-
tivities as mitochondrial COX. Previous studies have shown that chemical
modification of E90 of subunit III(SIII) using dicyclohexylcarbodiimide leads
to a decrease in electron transfer rate and proton pumping in the mitochondrial
enzyme. E90 is located within a nonpolar region of SIII and possibly interacts,
via salt bridge or hydrogen bonds, with the conserved residue H212(SIII).
Mutant RBS COX enzymes E90H(SIII) and E90H(III)/H212E(III) were con-
structed and isolated. Visible absorbance spectra of the E90H(III)/H212(III)
mutant enzyme exhibited similar characteristics to those displayed by
